We have calculated the dissociation of quarkonia through an imaginary potential which is obtained by correcting both the perturbative and non-perturbative terms of the potential at T=0 through the dielectric function in real-time formalism. The real-part of the potential becomes stronger and thus makes the quarkonia more bound whereas the (magnitude) imaginary-part too becomes larger and thus contribute more to the thermal width, compared to the medium-contribution of the Coulomb term alone. We have also extended our calculation to anisotropic medium, by calculating the leading anisotropic corrections to the propagators in Keldysh representation. The presence of anisotropy makes the real-part of the potential stronger but the imaginary-part is weakened slightly and the competition between them results in higher dissociation temperatures compared to isotropic medium.
Introduction
Heavy quarkonium systems have turned out to provide extremely useful probes for the deconfined state of matter because the force between a heavy quark and its anti-quark, is weakened due to the presence of light quarks and gluons which leads to the dissociation of quarkonium bound states (Matsui and Satz, 1986 ).
The medium effects can be envisaged through a temperature-dependent heavy quark potentials and have been studied over the decades either phenomenologically or through lattice based free-energy calculations (Mocsy and Petreczky, 2008) . Among the recent theoretical developments in the quarkonium studies, the first-principle calculations of imaginary contributions to the heavy quark potential either due to gluonic Landau damping or due to the singlet to octet transitions etc. (Brambilla et al., 2008) , which describe the decaying of the QQ correlation with its initial state due to scatterings in the plasma * Author for Correspondence : E-mail: thakurphyom@gmail.com DOI: 10.16943/ptinsa/2015/v81i1/48054 (Beraudo et al., 2008) , are well known. Earlier it was thought that a quarkonium state is dissociated when the screening becomes so strong that it inhibits the formation of bound states but nowadays a quarkonium is dissociated at a lower temperature Burnier et al., 2008) even though its binding energy is nonvanishing, rather is overtaken by the Landau-damping induced thermal width Hatsuda, 2013) . Although the lattice studies predicts a sizable imaginary component in the potential (Rothkopf et al., 2009 (Rothkopf et al., , 2012 , it may not be reliable because the necessary quality of the data has not yet been achieved. One thus needs inadvertent support from the potential models at finite temperature as an important tool to complement the lattice studies. Since the string-tension does not vanish abruptly at the deconfinement point (Cheng et al., 2008) , one should study its effects on heavy quark potential even above T c . So we aim here to calculate the imaginary part, in addition to the real part of the potential both in isotropic and anisotropic medium by correcting the full Cornell potential and not its Coulomb part alone.
The structure of this paper is as follows: We have reviewed the potential introduced in (Agotiya et al., 2009 ) and extended it to the imaginary part of the potential for both the isotropic as well as anisotropic medium. We have started with propagators and self energies in Keldysh representation and their evaluation in HTL resummed theory. Then we have studied the dissociation of charmonium and bottomonium states by calculating their (thermal) widths and binding energies. Finally we conclude our main results.
Potential in a Hot QCD Medium
The medium-modification to the vacuum potential can be obtained by correcting its both short and longdistance part with a dielectric function (p) encoding the effect of deconfinement (Agotiya et al., 2009 ).
Fourier transform of potential at vanishing frequency gives the desired non-relativistic potential at finite temperature.
where the r-independent term needed to renormalize the heavy quark free energy is the perturbative free energy of quarkonium at infinite separation (Dumitru et al., 2009) . V (p) is the Fourier transform of the potential given by:
(p) is the dielectric permittivity given by (Schneider, 2002) :
where m D is the screening mass. 
and hence the resummed propagator. The contribution from the quark loop (Dumitru et al., 2009 ) to the gluon self energy with external and internal momenta as
In HTL-limit, the quark and gluon loops together give the isotropic part of retarded (advanced) self-
with the prescriptions +i (−i ), for the retarded (advanced) self-energies, respectively whereas the anisotropic part for the retarded (advanced) self energies are
Similarly the isotropic and anisotropic terms for the temporal component of the symmetric part are given
Thus the gluon self-energy is found to have both real and imaginary part which are responsible for the Debye screening and the Landau damping, respectively. The real part of the static potential can be obtained from the temporal component of retarded (or advanced) propagator (in static limit)
while for the imaginary part of the potential, the imaginary part of the temporal component of symmetric propagator is given by
Real Part of the Potential
The real part of the static potential can thus be obtained from eq. (1) by substituting the dielectric permittivity (p) in terms of the physical "11"-component of the gluon propagator. The relation between the dielectric permittivity and the static limit of the "00"-component of gluon propagator in Coulomb gauge is obtained from the linear response theory (Kapusta and Gale, 1996) :
, where the real and imaginary parts of D 00 11 can be written as
and ImD
The real-part of the potential is then obtained as
where θ p is the angle between r and n (direction of anisotropy). After performing the integration, the , real-part of the potential in anisotropic medium becomes (Thakur et al., 2013) V aniso (r,
Thus the anisotropy in the momentum space introduces an angular (θ r ) dependence, in addition to the inter-particle separation (r), to the real part of the potential. The real potential becomes stronger with the increase of anisotropy because the (anisotropic) Debye mass m D (ξ, T ) (or equivalently angular-dependent Debye mass m D (θ r , T )) in an anisotropic medium is always smaller than in an isotropic medium.
Imaginary Part of the Potential: Thermal Width, Γ
The imaginary part of the potential plays an important role in weakening the bound state peak or transforming it to mere threshold enhancement. It leads to a finite width (Γ) for the resonance peak in the spectral function, which, in turn, determines the dissociation temperature. In recent years the imaginary part with a momentum-space anisotropy and its effects on the thermal widths of the resonance states have been studied (Dumitru et al., 2009; Margotta et al., 2011; Dumitru, 2011) , with the medium-modification to the perturbative (Coulomb) term only. We follow their work by including the medium corrections to both perturbative (Coulombic) and non-perturbative (string) terms in a weakly anisotropic medium by the imaginary part of the dielectric function:
where ImV 1(aniso) (r, ξ, T ) and ImV 2(aniso) (r, ξ, T ) are the imaginary contributions corresponding to the Coulombic and linear terms in anisotropic medium, respectively. The contribution due to the perturbative term in the leading-order is given by (Dumitru et al., 2009 )
where the functions φ 0 (r), φ 1 (r, θ r ) and φ 2 (r, θ r ) are given by φ 0 (r) = −αT −r Similarly the imaginary part due to the non-perturbative (linear) term has also the isotropic and anisotropic term:
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where the functions ψ 0 (r), ψ 1 (r, θ r ) and ψ 2 (r, θ r ) are given by ψ 0 (r) =r
ψ 1 (r, θ r ) =r 2 10 + (−739 + 420γ E + 420 log(r))r 4 39200
respectively and γ E is the Euler-Gamma constant. Finally the short and long-distance contributions, in the leading logarithmic order, gives the imaginary part of the potential in the anisotropic medium 
which is found to be smaller than the isotropic medium and decreases with the increase of anisotropy (shown in Fig. 1 ). The imaginary part of the potential, in small-distance limit, is a perturbation to the vacuum potential and thus provides an estimate for the width (Γ) of a resonance state and can be calculated, in a first-order perturbation, by folding with the unperturbed (1S) Coulomb wave function
From the ( Fig. 2) it is clear that the width always increases with the temperature. The non-perturbative string term, in addition to the Coulomb term, makes the width larger than the earlier result with the perturbative Coulomb term (Dumitru, 2011) only and thus the damping of the exchanged gluon in the heat bath provides larger contribution to the dissociation rate. Width becomes smaller in anisotropic medium than in isotropic medium and gets narrower with the increase of anisotropy because Γ is approximately proportional to the (square) Debye mass and the Debye mass decreases in the anisotropic medium.
Real and Imaginary Binding Energies: Dissociation Temperatures
In order to understand the in-medium properties of the quarkonium states, one need to solve the Schrödinger equation with both the real and imaginary part of the finite temperature potential. The real part of binding energy may be obtained from the radial part of the Schrödinger equation (of the isotropic component) plus the first-order perturbation due to the anisotropic component as
where the first term is the solution of (radial-part) of the Schrödinger equation with the isotropic part (ReV iso (r 1, T )) and the second term is due to the anisotropic perturbation of the tensorial component (V tensor (r 1, θ r , T )) calculated from the first-order perturbation theory. The complex potential in general needs to be dealt with numerically to obtain the real and imaginary binding energies. Here we use the matrix method to solve the corresponding schrödinger equation (Thakur et al., 2013) . Table 1) .
The real and imaginary part of the binding energies for the J/ψ and Υ states are computed numerically in Fig. 3 for different values of anisotropies. We have computed the dissociation temperatures at different anisotropies in Table 1 from these numerical observations.
Conclusion
We have studied the properties of charmonium and bottomonium states with the in-medium modifications to both perturbative and non-perturbative part of the Cornell potential. The inclusion of the string term, in an(isotropic) medium, makes the quarkonium states more tight compared to the medium modification to the Coulomb term alone and increases the magnitude of the imaginary part. The presence of string terms broadens the (thermal) width of the states which plays an important role in the dissociation mechanism. We found that the quarkonium states are dissociated at higher temperature compared to the medium-consideration of the Coulomb term only. As the (effective) Debye mass in anisotropic medium is always smaller than that in isotropic medium, both the real and imaginary part of the potential becomes deeper with the increase of anisotropy and the binding of QQ pairs becomes more stronger with respect to their isotropic counterpart. The overall observation is that the dissociation temperature increases with anisotropy and string term.
